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Abstract: The aim of this study was to investigate equine piroplasms of wild horses (Equus ferus caballus) in Konya province
of Turkey in November-December 2017. For this aim, blood samples were collected from 36 wild horses and examined for equine
piroplasms by microscopy and multiplex PCR. Some of the PCR products from positive samples were also sequenced. Five (13.89%)
out of the 36 horses were infected with either Theileria equi, Babesia caballi or both in the microscopical examination. Single infections
with T. equi and B. caballi were detected in three (8.33%) and one horses (2.78%), respectively. Prevalence of T. equi, B. caballi and
mix infections was determined as 50%, 38.8% and 38.8% by multiplex PCR, respectively. Multiplex PCR was found more sensitive
than microscopical examination to detect the piroplasms of horses. The results of sequence analysis showed 99.25-100% and 98.23-
99.59% nucleotide sequence identity to the previously reported T. equi and B. caballi 18S rRNA gene sequences, respectively.
Consequently, the existence of equine piroplasmosis in wild horses was reported for the first time in Turkey, and high molecular
prevalences of T. equi and B. caballi were reported with this study.
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Tiirkiye’nin Konya yoresinde yaban atlarinda Theileria equi ve Babesia caballi'nin molekiiler tespiti ve
filogenetik analizi

Ozet: Bu calisma Tiirkiye’nin Konya yoresinde yaban atlarinin (Equus ferus caballus) equine piroplasmlarini tespit etmek
amaciyla Kasim-Aralik 2017 tarihlerinde yiiriitiilmiistiir. Bu amagla, 36 yaban atina ait kan 6rnekeri toplanmis ve bu ornekler
mikroskobi ve multiplex PCR yontemi ile equine piroplasmlar yoniinden incelenmistir. Ayrica pozitif oldugu tespit edilen bazi
orneklere ait PCR iiriinleri sekanslanmistir. Mikroskobik incelemede 36 atin 5’1 (13,89%) Theileria equi, Babesia caballi veya her
ikisiyle birlikte enfekte bulunmustur. Ug (8,33%) atta T. equi, bir (2,78%) atta da B. caballi tek tiir olarak tespit edilmistir. T. equi ve
B. caballi ve miks enfeksiyonlarin prevalanslart multiplex PCR ile sirastyla %50, %38,8 ve %38,8 olarak belirlenmistir. Caligmada
kan parazitlerinin tespitinde multiplex PCR yonteminin mikroskobik incelemeden daha duyarli oldugu gériilmiistiir. Sekans analizleri
sonucunda T. equi ve B. caballi 18S rRNA genleri ile sirastyla 99,25-100% ve 98,23-99,59%’luk benzerlik tespit edilmistir. Bu ¢aligma
Tiirkiye’deki yaban atlarinda equine piroplasmosis’in varligini bildiren ilk ¢aligmadir ve ¢alismada T. equi ve B. caballi’nin molekiiler
prevalanslari yiiksek diizeyde tespit edilmistir.

Anahtar sozciikler: Babesia caballi, multipleks PCR, Theileria equi, Tiirkiye, yaban at1.

Introduction
The origin of domestic horses on the earth is wild
horses known as Przewalski and Tarpan horses which are
now extinct. But, even today, Przewalski horses (Equus
ferus przewalskii) (L.S. Poliakov, 1881) live in the forest
of Siberia and Mongolia. The Tarpan horse (Equus ferus

ferus) (Boddaert, 1785), is a subspecies of wild horse and
known as Eurasian wild horse. Wild horses are known as
“Yilk1 horse” in Anatolia (3).

Theileria equi and Babesia caballi, the main agents
of equine piroplasmosis, are transmitted by ixodid ticks
(18). Equine piroplasmosis cause severe symptoms
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including fever, anemia, hemoglobinuria, icterus,
anorexia, thrombocytopenia, tachypnea tachycardia, loss
of appetite, and petechial haemorrhages on mucous
membranes (51). The pathogenicity and prevalence of T.
equi is higher than B. caballi in endemic countries (15).
Diagnosis of equine piroplasmosis is traditionally made by
the detection of piroplasms in Acridine Orange or Giemsa
stained peripheral thin blood smears in microscopical
examination (45). However, in the case of low parasitemia
and mixed infections, microscopy is not sufficient for
accurate identification of equine piroplasms (36, 43).
Serological tests such as Enzyme-Linked Immunosorbent
Assay (ELISA), Complement Fixation Test (CFT),
Indirect Fluorescent Antibody Test (IFAT) and Western-
blotting (14, 16, 27, 29, 32, 37); and molecular tests like
Polymerase Chain Reaction (PCR), Nested PCR and Real
Time PCR could be used for the detection of latent and
subclinical infections (13, 20). Babesia species were
detected by PCR in cattle and horses in many studies (10,
17, 21, 22). In the studies conducted with ELISA, IFAT,
and CFT in horses in Turkey, the seroprevalences of T.
equi and B. caballi were varied between 0-100% and O-
56.9%, respectively (1, 2, 7, 30, 31, 38, 41, 46). However,
the molecular prevalence of B. caballi and T. equi was
detected between 1.97-3% and 2.96-44.6%, respectively
in PCR (19, 24, 25, 35, 42). All the studies above were
carried out in domestic horses and no data is available on
the Theileria equi ve Babesia caballi of wild horses in
Turkey.

This study was aimed to detect the etiological agents
of equine piroplasmosis of wild horses in Konya province
of Turkey, to provide a molecular characterization of the
isolates.

Materials and Methods
Study area, sample collection, and microscopic
examination: This study was conducted on the wild
horses (Equus ferus caballus) brought to Karkin village in

Konya (Figure 1) from Karadag mountain in Karaman in
Turkey, between November-December 2017. A total of 36
wild horses caught by the Kazakh horse herdsmen were
examined for equine piroplasms. The thin blood smears
for each horse were prepared and stained by Giemsa and
examined in a light microscope (Leica DM 1000).

Ethical statement: To carry out all procedures in this
study, ethical guidelines for the use of animal samples
permitted by Selcuk University, Veterinary Medicine
(Permit for an animal experiment: 2018/05, Date:
13.02.2018) were tracked.

DNA extraction: 10 ml of blood samples were taken
from each horse into tubes including EDTA for molecular
studies and all horses were also visually examined in terms
of tick infestations. 200 pl of blood samples was utilized
for total genomic DNA (gDNA) isolation, using a
commercial kit (Quick-DNA Miniprep Plus Kit, Zymo
Research D4068). The isolated gDNA was stored at -20°C
until use.

PCR amplification: To detect T. equi and B. caballi,
species-specific primers targeting 18S rRNA genes of
these piroplasms were employed. The protocol of
Alhassan et al. (4) was used for multiplex PCR. Each
reaction consisted of 4 pul of gDNA and 46 pl of PCR mix
containing 1.5 mM MgCl,, 30 mM KCI, 250 pM of each
dNTP, 10 pmol of each reverse primers for T. equi
(EquiR:5-TGCCTTAAACTTCCTTGCGAT-3) and for
B. caballi (CabR:5-CTCGTTCATGATTTAGAATTGC-
3), 20 pmol of universal forward primer (UFP:5-
TCGAAGACGATCAGATACCGTCG-3)and 1 U of Taq
polymerase (Bioline). BioRad thermocycler was used for
the reactions with the following programme: 96°C for 10
min, 36 cycles (96°C for 1 min, 60.5°C for 1 min, 72°C for
1 min) and final extension 72°C for 10 minutes. As a
negative control, distilled water was used. The amplified
DNA samples electrophoresed on agarose gel (1%) in
TAE buffer, were stained with ethidium bromide and then
photographed using UV transilluminator.
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Figure 1. The geographic location of sample collection site.
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Phylogenetic analysis: Eight positive products were
randomly selected and sequenced. Sequences were
analyzed by using NCBI BLAST (https://blast.ncbi.nim.
nih.gov/Blast.cgi). Phylogenetic trees were constructed by
using the neighbor-joining method in MEGA version X
software generated from the 18S rRNA on aligned
sequences of the T. equi and B. caballi 18S rRNA gene
sequences.

Results

As a result of microscopic examination, 5 (13.89%)
of the horses were found positive for equine piroplasms.
Theileria equi in three cases (8.33%), and B. caballi in one
case (2.78%) were detected as infections with single
species in the microscopical examination. Mix infections
with these parasites were found in one case (2.78%).

Theileria equi and B. caballi were found positive in
18 (50%) and 14 (38.8%) cases, respectively by multiplex
PCR. Mix infections were found in 14 cases (38.8%). As
a result of the multiplex PCR assay, the presence of bands
of 435 bp and 584 bp was determined for T. equi and B.
caballi, respectively (Figure 2). Theileria equi was found
more prevalent than B. caballi. Microscopy and multiplex
PCR results are summarized in Table 1.

Theileria equi isolates obtained in this study formed
a well-supported clade with the sequences from Turkey,
Sudan, South Africa, Brazil, Romania, China, Spain,
Switzerland, Jordan, and the USA (Figure 3). The
sequences showed 99.25-100% nucleotide sequence
identity with the sequences from these countries.

Table 1. Microscopy and multiplex PCR results.

Piroplasm species Microscopy Multiplex PCR
B. caballi 1 -
T. equi 3 4
B. caballi + T. equi 1 14
Total 5 18

SS4DD e
Theileria equi

Figure 2. PCR detection of B. caballi and T. equi with a set of
primers. M: 100 bp DNA marker; N: Negative control; Lane 1-
4:T. equi; Lane 5-6 B. caballi.
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Figure 4. Phylogenetic tree constructed by using the neighbor-joining method in MEGAX software generated from the 18S rRNA on
aligned sequence of the B.caballi 18S rRNA gene. GenBank accession numbers of reference sequences and localities are given. The

sequences obtained from this study were marked with the symbol as  +”.

However, B. caballi isolates obtained in the present study
clustered together in a separate clade (Figure 4) with high
proximity to other sequences in the different clades. The
nucleotide sequence identity value of B. caballi 18S rRNA
gene sequences ranged from 98.23-99.59%. The obtained
sequences were deposited to Genbank under the accession
numbers MN481268-MN481271 for B. caballi and
MN481264-MN481267 for T. equi.

Discussion and Conclusion

So far, only one report (33) on the parasites of wild
horses was encountered in Turkey reporting helminth
infections. However, no study has been conducted on the
T. equi ve B. caballi in wild horses in Turkey.

Piroplasmosis is a serious disease for all horses, but
it is even more crucial for racing horses. The international
movement of racing horses increases the probability of
disease transmission from infected horses to susceptible
ones (23). Previous studies on the diagnosis of
piroplasmosis focused on microscopic examination of
Giemsa stained preparations. The prevalence of equine
piroplasmosis was found to vary between 0-58.18% in
Turkey (2, 7, 25, 31, 38). In our study, 5 out of 36 horses

were found positive for equine  piroplasms,
microscopically. Theileria equi and B. caballi were
detected as a single species in three and one cases,
respectively and both species were found together in one
case. In microscopical examination, the infection rates of
T. equi and B. caballi obtained in this study were found to
be higher than the previously reported ones (7, 38).
However, the infection rate of B. caballi was lower than
the result of a previous study conducted in the Central part
of Turkey (31). In the microscopy, the low infection rate
of B. caballi in this study may be due to the latent course
of the infection or the season of the study. Since this study
was carried out in late autumn and early winter, it is very
difficult to find piroplasms in the erythrocytes of the
horses in this period of the year. In addition, vector ticks,
except Haemaphysalis and Dermacentor species are
inactive in this season in Central Anatolia. The blood
samples taken from the vena jugularis may also be another
cause of low parasitemia. Microscopic examination may
be insufficient in the latent period when parasites are
present in the blood in small numbers (14, 28, 47). Stress
factors are very important in this infection, and they may
temporarily affect the immune system. Some studies
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indicating that immunosuppressed animals are more
susceptible to infection (28, 34). Since these horses live a
relatively remote life from stress in their natural
environment, there are no or few conditions that would
adversely affect their immune system. In the detection of
parasites in the cases of low parasitemia, more sensitive
and specific diagnostic techniques such as molecular
methods are preferred (12, 18, 26). 18S rRNA gene has
been extensively used for the phylogenetic analysis of
piroplasms (5). Many researchers stated that the results of
PCR based molecular studies were much more sensitive
compared to those of microscopic examination (10, 39, 40,
44, 48, 49). In this study, it was also determined that 18S
rRNA based multiplex PCR was more sensitive than
microscopy in the detection of equine piroplasms. The
prevalence of T. equi and B. caballi was found as 50% and
38.8%, respectively by PCR. The obtained results of the
study support the findings of the previously conducted
studies in South Africa and Brazil (12, 18, 26) mentioned
above that PCR is more sensitive than microscopy. Fifteen
blood samples negative in microscopical examination,
were T. equi-positive in PCR, whereas one microscopy
positive sample was negative in PCR. Twelve blood
samples, found as negative for B. caballi in microscopical
examination, were positive in PCR. On the other hand, two
B. caballi microscopy-positive samples were also positive
in PCR. Negative detection in the PCR of one sample
found to be T. equi-positive on microscopy may be
referred to the existence of PCR inhibitors or parasitemia
lower than the detection limit of the molecular technique
in the circulating blood of hosts (6, 8, 9, 11). The
sequencing results obtained from this study were similar
to those of equine piroplasms genotypes previously
registered to Genbank.

The number of molecular studies on equine
piroplasmosis are restricted in Turkey. In these studies,
prevalences of B. caballi and T. equi have been reported
as follows: 3% and 7% in PCR; 2.3% and 44.6% in nested
PCR; 1.97% and 2.96% in Real Time PCR, respectively
(19, 24, 35). In the other studies conducted in Turkey,
Guven et al. (25) detected T. equi (8.8%) by multiplex
PCR in Arabian horses in Erzurum province. Also,
Ozubek and Aktas (42) reported the piroplasm infection
rate of 33.5% in equids by RLB. No B. caballi infection
was detected in sampled horses in both of these studies. In
the current study, T. equi prevalence was 50%, while of B.
caballi was found as 38.8% in multiplex PCR. These
results were higher than the results of the previous studies
(24, 35). This may be due to the fact that wild horses have
been exposed to continuous tick infestations in nature
without veterinary control and treatment. Preimmune
horses are reservoirs for healthy horses and therefore
infection persists continuously in wild horses.

The etiological agents of equine piroplasmosis are
transmitted by some ixodid tick species in the genera of
Rhipicephalus, Hyalomma and Dermacentor (18, 33, 50).
Rhipicephalus and Hyalomma species are seen between
spring-autumn in Central Anatolia. Vector tick species of
equine piroplasmosis in Turkey are not known well. Four
tick species: Hy. detritum, Hy. marginatum, Rh. turanicus
and Rh. bursa were determined in the horses with equine
piroplasmosis in the previous studies in Turkey (1, 2, 30,
31). Vector tick species have not been studied in detail in
most of those studies on determination of the presence
and/or prevalence of equine piroplasmosis.

In conclusion; the wild horses were systematically
studied for equine piroplasmosis by using microscopical
and molecular techniques for the first time in Turkey.
Theileria equi was found to be more common than B.
caballi. The specificity of multiplex PCR was higher than
microscopic examination. Wild horses live in nature
without veterinary control and these horses are constantly
a source of infection for domestic horses. Therefore,
further studies are needed to detect the prevalence of
equine piroplasms and their relationship with vectors
throughout the country.
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